Stimulated Raman spectroscopy (SRS) has been explored as a possible diagnostic tool to determine if observable changes in composition occur in the liquid gun propellants containing hydroxyl ammonium nitrate (HAN) during irradiation by ultraviolet (W) light. Spectra are reported for ammoniumnitrate, HAN, and dilute XM46. Although signal strengths are excellent, uncontrolled variation in spectral characteristics greatly diminishes the usefulness of this technique under these conditions. No spectral evidence of W-induced chemical change was observed.
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Introduction
The laser ignition of liquid gun propellants based on hydroxyl ammonium nitrate (HAN) as the oxidizer has been a subject of considerable study in recent years [l-4] An early study by Carleton et al. [SJ used pressure measurements in a closed vessel to show that a small, but measurable, decomposition of the liquid was produced when a 1-J ruby laser pulse was focused near a drop of one of these propellants (LP 101). Although these experiments produced effects that were far from ignition, there were indications that the composition of the gas surrounding the drop prior to the laser "spark" was related to the amount of liquid decomposition. One possible interpretation of this observation (proposed by the present authors)
is that the laser-produced plasma has a deeper ultraviolet (UV) characteristic with air (due to the carbon in carbon dioxide) than with helium gas. The explanation would be that the more active conditions correspond to plasma light that is deeper W and, thus, more photochemically active through absorption by the nitrate groups of the propellant [6] (see the Appendix). In order to test this hypothesis and to determine if possible enhancement of laser ignition could be obtained by working with W light, the work described in this paper was pursued.
A more sensitive probe of chemical reaction approaching ignition was sought in order to study these effects. It was decided to develop a spectroscopic technique based on single-drop resonances, apply it to these propellants, and study the effect of W light on the observed 1 composition. The use of morphological-dependent resonances (MDRs) of single drops is a well-established technique [7] . This approach uses the multiple internal reflections inside small drops to provide a high-Q system for the enhancement of the resonant modes, which results in strong stimulated Raman signals, or even of laser signals when sufficient gain is present. In addition, the light path in the drop is primarily near the surface of the liquid, which might further enhance the sensitivity if W light is strongly absorbed by the liquid. While not normally used for quantitative analysis, it was thought that the strong signal levels anticipated might provide the necessary sensitivity for the detection of a wide range of chemical species.
As discussed next, these studies were not conclusive. However, since the completion of these studies, the method has been independently proposed for application to LP XM46 ignition studies by at least two outside agencies. For this reason, it was decided that documentation of these observations was appropriate.
Experimental
A schematic of the experimental arrangement is shown in Figure 1 Because of the high ionic concentrations, it is more nearly a molten salt than a solution. 1M 43-lun-diameter droplets. As seen in the figures, the resolution is good and the spectral noise is low. Under the conditions of these spectra, the W and green beams were overlapping the nitrate droplets. The result was no change in SRS signal for a "weak" W beam. As the W beam energy was increased, the SRS signal finally disappeared at intensities that created dielectric breakdown (i.e., a small plasma) in the drop. The most predictable result of a photochemical reaction of a nitrate would be a nitrite. The nitrite signal (559 cm-i) was characterized using potassium nitrite salt solutions. No nitrite SRS signal was detected in the nitrate 'either with or without the W light. As is readily observed from the figure, the spectra varied substantially from drop to drop in terms of the appearance of MDRs and the relative heights for third-order nitrate (1,050 cm-') SRS and first-order water SRS. In each figure, the third-order nitrate is typically in the region from 630 to 640 nm with the water signal falling in the region from 640 to 660 nm. It had been anticipated that the water signal might somehow be used as an intensity reference, but the five spectra in Figure 2 show how subtle changes in coupling efficiency in apparently uniform stable drops are highly amplified in the resulting spectra. This observation is not totally unexpected for such a strong nonlinear technique.
Hydroxyl Ammonium Nitrate (HAN).
The spectra of HAN were studied as a logical sequence of materials from ammonium nitrate to the propellant. As with the previous nitrate observations, the spectra were not stable, even for conditions where the drop generation and laser pulse energy were well behaved. A first-order and two second-order SRS spectra of 15O+m drops of HAN are shown in Figure 3 . As with the ammonium nitrate, the spectra are dominated by the 1,050-cm-' nitrate ion shift. Additional significant peaks observed include the strong peak seen in Figure 3 The scattering near the third-order Stokes shift in HAN exhibited the strongest structure dependence of spectra of the materials studied, other than dye solutions. In Figure 4 the spectra recorded for lSO+un and 30-p diameter drops of HAN are displayed. In Figure 4 (c), the sharp peaks from the third-order nitrate Stokes shift appear on a broad resonance, which has about the same intensity. The change in spacing of the sharp resonances is in qualitative agreement with the theory of MDRs for small drops. water to 3M nitrate concentration, behavior was better but still marginal. Spectra from the 50-p-diameter single drops are shown for three Raman orders in Figures 5-7 . Figure 5 shows the first-order nitrate SRS signal. Figure 6 shows two examples of the second-order signal. Figure 7 shows four examples of the third-order signal, as well as the first-order water SRS spectrum. A W beam incident on these drops showed no observable difference in the spectra.
. In order to make observations under conditions where drops were stable over longer periods .
of time, the drop-on-demand generator from our laboratory was utilized with a 200-p orifice.
With this drop source, drops stable for as long as 1 hr were obtained at a 2-Hz rate with XM46 diluted to 6M in nitrate. This setup was also used with the 3M XM46 to compare concentration effects. Typical first-and second-order SRS spectra from 150~~-diameter drops of 6M XM46
are shown in Figure 8 . The narrow peak to the anti-Stokes side of the main peak in these spectra appears to be real. Figure 9 shows a comparison of the third-order SRS signal from the 1,050 cm-' nitrate frequency for 3M and 6M nitrate concentration of XM46 for 150~jtm-diameter drops. In these spectra, a broad unidentified peak is present at the higher conditions. Resultant first-and third-order SRS spectra are shown in Figure 10 . The third-order 9M signal has some of the same characteristics of the 6h-l signal, especially the broad peak, and the first-order signal is suggestive of additional vibrational effects in the more concentrated liquid.
3.4 Other &udies. Additional studies were done with other geometries and with R640 rhodamine dye in water and ethanol. When 10s4 M R640 solution was added to 6M HAN drops, it was almost impossible to obtain even first-order SRS, except at near-breakdown intensities.
For 150~pm-diameter drops of this mixture, only broadband fluorescence was observed near In studies of the emission from capillary tubes filled with nitrate solution, only first-order spontaneous Raman signals were observed (1,050 cm-') with both the pulsed and continuous wave lasers. UV light focused on the tubes up to intensities that resulted in the melting of the edge of the tube gave no measurable change in the Raman signal. Also, no nitrite signal was detected. However, attempts to detect the nitrite under these conditions with 1M RN02 solution in the capillary tube showed that its Raman cross section was sufficiently small that any contribution from the UV light photolysis may have been lost in the background noise.
Similarly, attempts were made to observe both lasing with the R640 solution and SRS generation with the nitrates from drops suspended on thin silica fibers. The cylindrical symmetry and high Raman gain observed with drops suggested that signals might be obtained in this configuration, but none were found in several attempts.
Summary
Stimulated Raman spectra have been generated and recorded for ammonium nitrate, HAN, and diluted LP XM46. The excellent signal-to-noise ratio that is characteristic of this technique was observed for individual spectra. However, the drop-to-drop reproducibility was very poor.
This observation was made even under conditions of good laser and drop generator stability.
The possible causes of this behavior remain unknown. No photochemical effects were observed from the irradiation of the drops with 355~nm and 266~nm laser light.
